Almond (Prunus dulcis) pollen was hand-and honey bee-collected (corbicular) for chemical analysis. Corbicular pollen was packed by bees into wax combs for conversion (via natural fermentation) into bee bread. Chemical analyses of 12 fatty acids, 3 sterols, 3 vitamins, inositol, titratable acidity, and 5 minerals were made on the hand-collected and corbicular pollen. The bee bread was analyzed after 7, 2l, and 42 days for all of the above except the fatty acids and sterols. Lipoidal and acidic additions by the bees constituted the greatest differences between hand-collected and corbicular pollen. Sitosterol content decreased while titratable acidity increased during conversion to bee bread. The only vitamins which decreased as the pollen was converted to bee bread were ascorbic acid and pyridoxine.
INTRODUCTION
Honey bee (Apis mellifera L.) use pollen as their nutritional source of protein, fatty acids, lipids, sterols, vitamins, minerals and certain carbohydrates (D IETZ , 1975) . Pollen stored in wax combs in a honey bee colony is referred to as bee bread. Extensive analyses have been conducted on various hand-collected and beecollected pollens but little information is available on the chemical changes occuring in pollen as it is converted to bee bread. H ERBERT and S HIMANUKI ( 1978) have recently published chemical and honey bee brood rearing nutritional bioassays of mixtures of pollens and bee bread from seven locations in the United States. PAIN and M AUGENET (1966) used ovarian development of queenless nurse bees as a bioassay of Analyses of pollens are found in the papers by T ODD and B RETHERICK (1942) , VIVINO and PA LMER (1944) , LUN DE N (1954) , N I ELSE N et al. (1955) , and McL ELLA N (1977) . These papers indicate a wide range in levels of protein, minerals, sugars, lipids, and vitamins present in pollen of diverse origin. The sterol content has been examined by B ARBIER et al. (1 y 60), HUGEL (1965) , STAND IFER (1966) , S TANDIFER El al. (1968) , and T HOMPSON et al. (1978) . N ILSSON et al. (1957) identified long-chain alcohols and long-chain hydrocarbons in Swedish pollens and found that the exine of gymnosperm pollen (Pinus mugo Turra) was composed of large amounts of alcohols, whereas the exine of angiosperm plants (Zea mays L., Alnus glutinosa (L.) Gaertn.) was composed of only small amounts of the hydrocarbons. F ARAG et al. (1978) reported the fatty acid composition of six species of bee-collected pollens collected in Egypt, and suggested that some fatty acids may play a role as plant growth substances. Other long-chain fatty acids and pigments (lutein DIETZ, 1965 DIETZ, , 1972 AN DE R SO N and D IE TZ, 1976 (P EARSON , 1942) . H AGEDORN and BURGER (1968) found a positive correlation between the loss of ascorbic acid with age of the pollen and lowered nutritional value. They concluded that the autooxidation of ascorbic acid may cause it to be one of the most limiting vitamins in honeybee nutrition. In contrast, S TANDIFER and MILLS (1977) found that ascorbic acid did not decrease in concentration in the larval food produced by nurse bees of differing ages fed different diets.
Analysis of the mineral contents of pollen has been fairly complete (T ODD and B RETHERI C K , 1942; V IVI NO and PA LMER , 1944; N IELSE N et al. 1955; NATION and RosINSON, 1971; D IETZ , 1971 a and 1971 b; and McL ELLAN , 1977 (C ASTEEL , 1912 ). An increase in soluble proteins as a result of the fermentation process has also been reported (L ANGER , 1931 Chromatography of the residue over 15 g of Woelm &reg; 6 neutral alumina activity grade II (1 g of residue/30 g of alumina) using 50 ml each of the following solvents : hexane, hexane-C 6 H 6 ( l : I), C 6 H 6 , C 6 H 6 -Et 2 O (3 : 1) and Et . 0 gave hydrocarbons, sterol esters and waxes, triglycerides, alcohols, and sterols, respectively. The sterol ester and wax fractions were saponified and the esterified sterols were similarly isolated. The esterified and unesterified sterols were separately acetylated with Ac Z O in pyridine.
Separation and Identification as Sterol Acetates of Unesterifed and Esterified Sterols. The unesterified sterol acetates, when analyzed by GLC on an SE-30 column, showed a major peak and a minor peak for sterol acetates, whereas thin layer chromatographic (TLC) analyses (AgN0 3 -Silica Gel) showed three spots for sterol acetates. Thus, the sterol acetates were chromatographed over 18 g of 20 '% AgN0 3 -Unisil column (1,4 cm x 28 cm) and eluted with 50-ml vol. containing 1, 2, 3, 4, 5, 6, and 10 % ether in hexane. The fractions monitored by GLC and TLC (AgN0 3 -Silica Gel) analyses showed the following distribution of sterol acetates : hexane-ether (98 : 2) sitosterol, hexane-ether (96 : 4) isofucosterol, and all other fractions thereafter, 24-methylenecholesterol.
The esterified sterol acetates were similary separated and purified. In all samples, the principal sterol was identified as 24-methylenecholesterol; two minor sterols were sitosterol and isofucosterol (Table 1 ). The identities of the sterols were confirmed by GLC, TLC, infrared, and mass spectral analyses. The concentration of sitosterol in hand-collected pollen was considerably greater than that found in the corbicular pollen (Table 1) . Conversely, the content of the unesterified 24-methylenecholesterol was considerably lower in the hand-collected pollen than in the corbicular pollen.
Vitamins
The results of the vitamin assays are given in Table 2 .
Ascorbic acid. There was insufficient hand-collected pollen for this analysis. Two analyses of the corbicular pollen revealed 20,6 mg of ascorbic acid/100 g; the concentration of ascorbic acid in bee bread decreased to 5.9 mg/100 g after only 7 days of storage. Ascorbic acid concentration slowly decreased to 4.7 mg/ 100 g after 6 weeks of storage.
Pantothenic acid. Hand-collected pollen contained 3.38 mg/100 g, but the corbicular pollen contained only 0.76 mg/100 g. The concentrations in the bee bread were between 1.87 and 2.40 mg/100 g -about 2/3 of the pantothenic acid content of handcollected pollen.
Pyridoxine. The hand-collected pollen (0.91 mg/100 g) had 1/3 more pyridoxine than the corbicular pollen (0.61 mg/100 g). The bee bread had a nearly constant level (0.45-0.42 mg/100 g) that was a little less than 1/2 of that found in the original pollen.
PH and Titratable Acidity
The pH was not determined in the hand-collected pollen. The corbicular pollen had a relatively low pH (4.2), and the fermented bee bread was in the range expected for lactic-acid anaerobic processes (4.5). Titratable acidity (Table 3) was very low in the hand-collected pollen (0.8 ml of 0.05 N NaOH), and there was a large ( I 15-foid) increase in the acidity of corbicular pollen (9.19 ml of 0.5 N NaOH). The acidity in bee bread dropped to a relatively uniform level (5.8 -6.2 ml of 0.5 N NaOH).
Minerals
The contents of five minerals (Ca, Mg, K, Zn, and Pb) determined by atomic absorption spectrometry in one sample from each date are given in Table 3 .
DISCUSSION
Lipoidal and acidic additions by the bee constituted the greatest differences between hand-collected and corbicular pollen noted in this study. The large change in titratable acidity is probably due to the addition of mandibular and hypopharyngeal gland secretions (Lvxoscllus et al., 1968) . It is presumed that varying amounts of sugars were also added by the bees at this time. There was also a remarkable drop in sitosterol content, although changes in the other sterols were minor. Semiquantitative analyses for sterols in the bee bread samples indicated that there were no further large changes in sterol content, i.e. 24-methylenecholesterol remained the dominant sterol. This sterol has been found in the tissues of queen and worker bees (B ARBIER and S CHINDLER , 1959) and in royal jelly (B ROWN et al., 1961 (1979, 1980) 
